The ethyl acetate, methanolic, and water extracts of Fibigia eriocarpa were assessed for a panoply of bioactivities. Total phenolic and flavonoid content were quantified as well as individual phenolic compounds by HPLC-DAD. The in vitro antioxidant and enzyme (acetylcholinesterase (AChE), butyrylcholinesterase (BChE), tyrosinase, a-amylase, and a-glucosidase) inhibitory potential of the extracts were evaluated. In silico molecular docking was used to investigate possible interaction between dominant compounds and selected enzymes. Vanillin (303 lg/g extract), apigenin (270 lg/g extract), and kaempferol (180 lg/g extract) were the main compounds in the ethyl acetate extract, while the methanolic extract was characterized by the presence of vanillin, rutin, and apigenin (616, 616 and 252 lg/g extract, respectively). (+)-catechin (1422 lg/g extract) was the main compound in the water extracts. The ethyl acetate extract was found to be a superior source of antioxidant compounds and enzyme inhibitors against above-mentioned enzymes. Docking studies revealed that p-hydroxybenzoic and (+)-catechin have the best scores for tyrosinase, while kaempferol and apigenin showed the best binding pose for a-glucosidase, AChE, and BChE. Results amassed herein are the first report on the phytochemical and biological attributes of F. eriocarpa, which tend to validate the pharmacological uses of this plant as an alternative medicine.
A B S T R A C T
The ethyl acetate, methanolic, and water extracts of Fibigia eriocarpa were assessed for a panoply of bioactivities. Total phenolic and flavonoid content were quantified as well as individual phenolic compounds by HPLC-DAD. The in vitro antioxidant and enzyme (acetylcholinesterase (AChE), butyrylcholinesterase (BChE), tyrosinase, a-amylase, and a-glucosidase) inhibitory potential of the extracts were evaluated. In silico molecular docking was used to investigate possible interaction between dominant compounds and selected enzymes. Vanillin (303 lg/g extract), apigenin (270 lg/g extract), and kaempferol (180 lg/g extract) were the main compounds in the ethyl acetate extract, while the methanolic extract was characterized by the presence of vanillin, rutin, and apigenin (616, 616 and 252 lg/g extract, respectively). (+)-catechin (1422 lg/g extract) was the main compound in the water extracts. The ethyl acetate extract was found to be a superior source of antioxidant compounds and enzyme inhibitors against above-mentioned enzymes. Docking studies revealed that p-hydroxybenzoic and (+)-catechin have the best scores for tyrosinase, while kaempferol and apigenin showed the best binding pose for a-glucosidase, AChE, and BChE. Results amassed herein are the first report on the phytochemical and biological attributes of F. eriocarpa, which tend to validate the pharmacological uses of this plant as an alternative medicine.
I N T R O D U C T I O N
Natural products have been valuable source of active ingredients for medicines. In spite of the great advances observed in contemporary medicine, natural products have been dominated the human pharmacopeia, with not less than 80% of people worldwide relying on them for primary health care [1] . Herbal remedies, in particular have been widely embraced in many developed countries, now becoming mainstream in Europe, as well as in North America and Australia. In the conventional western medicine, 50-60% of pharmaceutical commodities either contain natural products or are synthesized from them; 10-25% of all prescribed drugs contain one or more plant-derived compounds [2, 3] .
As the global use of herbal medicinal products continues to grow, research on medicinal plants is progressively focusing on investigating the biological effects of plants. Medicinal plants are considered as a repository of numerous types of bioactive compounds, possessing an array of biological properties and are thus considered emerging therapeutic tools to achieve a multitarget strategy for the management of complex chronic diseases such as cancer and neurodegenerative diseases. The bioactive compounds are likely to act in a synergistic manner resulting in an overall pharmacological effects. For example, the reputed Aloe vera (L.) Burm.f. (synonym A. barbadensis Mill.) has been reported to exhibit several pharmacological activities including wound healing, immunomodulatory, hepatoprotective, neuroprotective, antifungal, antiinflammatory, antioxidant, antidiabetic, antibacterial, anticarcinogenic, and antiviral [4, 5] . Similarly, Moringa oleifera Lam, commonly known as the drumstick tree, is another highly valued plant known to possess multimedicinal properties namely antitumor, antipyretic, antiulcer, antiepileptic, anti-inflammatory, antispasmodic, diuretic, antihypertensive, cholesterol lowering, antioxidant, antidiabetic, hepatoprotective, antibacterial, and antifungal properties [6] . Different pharmacological for Zataria multiflora, a traditionally used medicinal plant for culinary and medicinal purposes have been reported. For instance, Z. multiflora has been documented to possess therapeutic uses including bronchodilation, vasodilation, and effect on lung inflammation. The plant is also used as a remedy against cough in the traditional medicine [7] . On the other hand, the pharmacological properties of compounds from Croton tonkinensis on human HepG2 and Hep3b cell lines showed strong support to the potential interest of entkaurane diterpenoids from this plant, alone or in combination with a cytotoxic agent, in cancer and more precisely against human hepatocellular carcinoma [8] . Interestingly, herbal medicines derived from St. John's Wort (H. perforatum) are prescribed worldwide for moderate depressive states, anxiety, and other disorders of central nervous system [9] . Hypericin and hyperforin have been associated with the effect of H. perforatum. Many researchers suggested that hypericin which inhibits MAO-A and MAO-B enzymes with strong affinity for sigma receptors to regulate dopamine levels is the constituent of St. John's Wort that is responsible for antidepressant activity of this species [9] . On this note, it is of paramount interest to screen plant extracts against a number of different in vitro assays, avoiding the possibility of losing other prospective therapeutic compounds when investigating a single biological activity. Furthermore, known active lead compounds can also be evaluated for new biological activity or can be further modified to enhance biological profiles [10] .
Brassicaceae, an economically important family, consists of 49 tribes, 325 genera, and 3740 species worldwide and is diversified mostly in southwest Asia, particularly in Turkey and Irano-Turanian region [11] . Several species from the Brassicaceae family have been reported worldwide as traditional remedies against an array of ailments which include fever, jaundices, inflammation, diabetes, respiratory problem (e.g., bronchitis and asthma), and skin problems (e.g., burns and fungal attacks) [12] [13] [14] [15] .
Turkey is regarded as the hotspot of species richness for many Brassicaceae genera with more than 600 species of which at least 226 are endemic. Nonetheless, many areas in Turkey are still poorly explored for its biodiversity including many Brassicaceae genera such as Fibigia [16, 17] . The genus Fibigia is represented by almost 16 taxa in the world, of which four are available in Turkey [18] and are known to have a longstanding history in the Turkish traditional medicine. For instance, decoction of the leaves and stems of Fibigia eriocarpa (DC.) Boiss. is widely used for alleviating common cold [12] , while infusion of the aerial parts of Fibigia clypeata (L.) Medik. is used to treat animal diseases [19, 20] . In Iran, the fruit of Fibigia macrocarpa Boiss. is documented for addressing cattle infertility problem [14] . However, there is no scientific validation of the traditional claims of these species.
In our continuous attempt to search for potential therapeutic compounds from plants for the management of chronic diseases, this study was designed to investigate the biological properties of F. eriocarpa (FE) for the first time. The phenolics content (HPLC-DAD), antioxidant (free radical scavenging assays, reducing power, metal chelating, and phosphomolybdenum assays), enzyme inhibitory activity (cholinesterases, tyrosinase, a-amylase, and a-glucosidase), and molecular docking studies were performed with a view of finding novel bioactive compounds with potential pharmaceutical applications. Novel knowledge gathered by the present investigation is also imperative in preserving indigenous knowledge of the Turkish community and revitalizing the traditional herbal medicines of the country.
M A T E R I A L A N D M E T H O D S
Plant material and extraction procedures Plant material was collected during the flowering period in 2016 from Adana (Pozanti, around Hamidiye village, 500 m), Turkey. Plant materials were identified by Dr. Murad Aydin Sanda and theirs voucher specimens have been deposited in the department of Biology, Selcuk University.
We performed maceration method to obtain the organic solvent extracts as follows: The powdered samples (5 g) were stirred with 100 mL solvents (ethyl acetate and methanol) at the room temperature (24 h).
Then, the extracts were evaporated under vacuum using a rotary evaporator. For water extracts, the plant samples (5 g) were boiled with 100 mL distilled water for 20 min. The water extracts were lyophilized (À80°C, 48 h). All extracts were stored at +4°C for further analysis.
Profile of bioactive compounds
Phenolic and flavonoid compounds of the obtained extracts were quantified as previously reported [21, 22] using well-established procedures such as Folin-Ciocalteu and AlCl 3 tests, respectively. The results were expressed equivalents of standards, namely gallic acid for phenolics and rutin for flavonoids, respectively.
Several phenolic compounds in the studied extracts were also analyzed using RP-HPLC-DAD (Shimadzu Scientific Instruments, Kyoto, Japan). Eclipse XDB C-18 reversed-phase column (250 mm 9 4.6 mm length, 5 lm particle size; Agilent, Santa Clara, CA, USA) was used to separate. Each phenolic compound was qualified and quantitated (as lg/g dry extract) after comparison of retention times, UV-Vis spectra, and chromatographic profile with commercial standard compounds. All chromatographic conditions were described by Mocan et al [23] .
Antioxidant and enzymes inhibitory effects
The antioxidant and enzyme inhibitory effects of the studied extracts were determined. Among the wellknown antioxidant assays, metal chelating, phosphomolybdenum, FRAP, CUPRAC, ABTS, and DPPH tests were performed and compared. The antioxidative activities were reported as trolox equivalents, whereas EDTA was used as a reference compound for metal chelating assay. The enzyme inhibitory activity was detected against a panel of important enzymes such as cholinesterases (AChE and BChE), tyrosinase, a-amylase, and a-glucosidase comparing the results with those obtained with specific standard drugs (galantamine, kojic acid, and acarbose). All experimental procedures were explained by Mocan et al [23] .
Computational assays Receptor preparation
The crystal structures of the enzymes used for the tests have been downloaded from the Protein Data Bank RCSB PDB [24] : acetylcholinesterase pdb: 4X3C [25] in complex with tacrine-nicotinamide hybrid inhibitor, butyrylcholinesterase pdb: 4BDS [26] in complex with tacrine, tyrosinase pdb: 2Y9X [27] in complex with tropolone, and a-glucosidase pdb:3AXI [28] in complex with maltose. The raw structures have been polished with UCSF Chimera [29] by removing additional chain, and for the tyrosinase enzyme, the B chain was used of the crystallographic protein complex. The proteins were prepared with Protein Preparation Wizard [30] implemented in Maestro suite 11.1 [31] , by filling missing side chain and loops converting seleno-methionines and seleno-cysteines to methionines and cysteines, respectively, generating heteroatoms states at pH 7.4 using Prime [32] then deleting non-catalytic waters and other co-crystallized molecule, were conducted the H-bond assignment using PROPKA at pH 7.4, and a minimization of only the hydrogens. For the tyrosinase, two copper ions are present in the deep of the binding pocket, and the metal states have been generated automatically by Protein Preparation Wizard. The proteins were separated from their crystallographic ligands and used without further modifications for the docking experiments.
Ligand preparation (+)-catechin and p-hydroxybenzoic acid were selected as relevant compounds present in the water extract for the docking on the tyrosinase, and (+)-catechin (ZINC00119983) and p-hydroxybenzoic (ZINC00332752) have been downloaded from ZINC database [33] . Kaempferol (ZINC0386768), apigenin (ZINC03871576), and vanillin (ZINC02567933) were selected as relevant compounds in the ethyl acetate extract and they were used for the docking experiments on a-glucosidase.
Kaempferol and apigenin have been also used for the docking experiments on the BChE and the AChE. The structures of the selected compounds are shown in Figure 1 . The ligands were prepared with LigPrep tool [34] embedded in Maestro 11.1, neutralized at pH 7.4 by Ionizer, and minimized with OPLS3 force field [35] .
Molecular docking
The grid generation and docking experiments were conducted using Glide [36] . For each enzyme, a grid was produced, using the crystallographic ligand to center the grid, and 24 angstroms for size of the grid box. Metal coordination constraints have been used the two copper ions present in the tyrosinase enzymatic cavity. The docking experiments have been conducted with the extra-precision scoring function of Glide. The best scoring pose was kept and minimized. The binding energy calculations of the obtained pose were conducted using the MM/GBSA method [37] of Prime in Maestro.
Statistical analysis
All the assays were carried out in triplicate. The results are expressed as mean values and standard deviation (SD). The differences between the different extracts were analyzed using one-way analysis of variance (ANOVA) followed by Tukey's honest significant difference post hoc test with a = 0.05. This treatment was carried out using SPSS v. 14.0 program (SPSS Inc, Chicago, IL, USA).
R E S U L T S A N D D I S C U S S I O N

Phytochemical composition
The therapeutic uses of phenolic compounds have attracted much interest as they exert a wide range of bioactivities, including antioxidant [38] [39] [40] , antibacterial [41] [42] [43] , antifungal [43] [44] [45] , anti-inflammatory [46, 47] , and anticancer [48, 49] activities. Therefore, the phenolic content can be used as an important indicator of biological attributes of plant extracts. In the present study, the total phenolic, flavonoid contents as well as individual phenolic compounds were detected from different extracts of (FE), and the results are summarized in Tables I and II . The highest phenolic content was recorded in the ethyl acetate extract (41.87 AE 0.50 mgGAE/g extract), followed by methanolic extract (35.42 AE 1.05 mgGAE/g extract). The flavonoid content (24.31 AE 0.36 mgRE/g extract) was the highest in the methanolic extract which was threefold higher as compared to the water extract. This is in agreement with the fact that methanol has good polarity and can be effectively used to extract polar components, including phenolics and flavonoids.
Results obtained for the analysis of the extracts using HPLC/DAD method showed the presence of thirteen Pharmacological approaches on Fibigia eriocarpa components in general. As shown in Table II , the dominant compounds in the ethyl acetate extract were vanillin (303 lg/g extract) followed by apigenin (270 lg/g extract) and kaempferol (180 lg/g extract), while the methanolic extract was rich in vanillin and rutin (616 lg/g extract for both compounds), followed by apigenin (252 lg/g extract). The most abundant phenolic compounds in the water extract were (+)-catechin (1422 lg/g extract), which was not detected in the ethyl acetate and methanolic extracts. The water extracts were also characterized with a notable amount of p-hydroxybenzoic acid, rutin, quercetin, and apigenin which are known to exert biological activities [50] [51] [52] [53] [54] .
Interestingly, vanillin, chlorogenic acid, and kaempferol were not detected in the water extract, while rutin was absent in ethyl acetate extract. Similarly, p-hydroxybenzoic acid was not detected in the methanolic extract.
Antioxidant properties
Reactive oxygen species (ROS), generated from both endogenous and exogenous sources, have been directly implicated in the pathological conditions including diabetes mellitus, cancer, Alzheimer's disease, and atherosclerosis among others. Increased ROS production leads to increased lipid peroxidation damages on neurons thus causing neurodegeneration. In this context, medicinal plant-derived extracts and active principles could blunt the burden of oxidative stress damages [55] . Plants are known to possess antioxidants components, especially phenolic compounds which been confirmed to counteract destructive effects caused by oxidative stress. Over the past two decades, there is an increasing scientific interest on medicinal plants because of their high content of potent antioxidants, accessibility, economic viability, and next-to-no side effects [56] . In the present study, the antioxidant capacity of the investigated extracts of FE was evaluated using multiassay system based on different mechanisms.
Total antioxidant capacity of the tested extracts was evaluated by phosphomolybdenum method. The principle of the assay involves the activity of an antioxidant compound which leads to reduction of Mo (VI) to Mo (V) and the formation of a green phosphate/Mo(V) complex with an intensive green color at acidic pH and at higher temperature, which shows a maximum absorbance at 695 nm [56] . Based on the results (Table III) , it can be noted there was no significant divergence in the total antioxidant capacity of the three different extracts of FE. Slightly higher total capacity was observed in the water extract with a mean value of 1.71 AE 0.05 mmolTE/g extract.
The radical scavenging capacities of the extracts were determined by employing DPPH and ABTS assays. The ABTS assay is based on the generation of a blue/ green ABTS Á+ that can be scavenged by antioxidants, whereas the DPPH assay is based on the reduction of the purple DPPH Á to 1,1-diphenyl-2-picryl hydrazine [57] . In this study, the highest DPPH free radical scavenging activity (72.06 AE 1.10 mgTE/g extract) was detected with ethyl acetate extract, while the water extract has exhibited higher ABTS +. scavenging activity (200.40 AE 1.71 mgTE/g extract). Interestingly, for ABTS assay, the antioxidant potential for one same extract was found to be threefold higher as compared to DPPH assay. This can explained by the difference in the mechanisms of the antioxidant-radical interaction of these two assays [58, 59] . CUPRAC, FRAP, and metal chelating assays were employed for assessing the reducing ability of the FE extracts. CUPRAC assay monitored the reduction of Cu (II)-neocuproine reagent into Cu(I)-neocuproine complex, whereas FRAP measures the reducing potential of an antioxidant reacting with TPTZ/Fe3 + to form a blue complex TPTZ/Fe2 + . Notable reducing potencies were displayed by the ethyl acetate extracts (CUPRAC: 209.58 mgTE/g extract and FRAP: 278.29 AE 9.29 mgTE/g extract), while the water extract has displayed the lowest reducing capacities. This trend was similarly observed in the total phenolic and flavonoid assays. In the metal chelating, the water extract (14.76 AE 0.65 mgEDTAE/g extract) followed by ethyl acetate extract (11.64 AE 0.11 mgEDTAE/g extract) were most active. The metal chelating of (+)-catechin has been previously reported [60, 61] . Therefore, the high metal chelating activity of the water extract might be partly ascribed by the presence of (+)-catechin in significant amount in the extract.
Enzyme inhibitory effects
The prevalence of chronic diseases such as obesity, diabetes, cardiovascular diseases, and dementia is increasing rapidly. The inhibition of enzymes involved in the pathogenesis of the chronic disease has been considered to be an effective strategy to manage these chronic conditions. Naturally occurring compounds such as plant secondary metabolites are considered to be a potential source of new inhibitors and are particularly attractive as side effects are minimal. Alzheimer's disease (AD), the main type of dementia, is associated with memory impairment and cognitive deficit. It is characterized by low levels of acetylcholine in the brain. According to cholinergic hypothesis, the level of acetylcholine in the synaptic gap may be increased by inhibiting acetylcholinesterase (AChE), an enzyme that catalyzes acetylcholine hydrolysis and thus improving cholinergic functions in patients with AD [62] . Several plant secondary metabolites such as isoorientin, isovitexin [63] , and kaempferol [64] have been reported to inhibit AChE. As oxidative stress has been purported as one of underlying causes of AD generation and progression, plants extracts with significant antioxidant capacities are assumed to exhibit inhibitory activity against AChE [65] [66] [67] . In the present study, the ethyl extract followed FE has exhibited higher AChE (2.12 AE 0.06 mgGALAE/g extract) and BChE (2.01 AE 0.16 mgGALAE/g extract) inhibition, which tallies with its antioxidant potency (Table IV) .
Melanin is a pigment that occurs in humans, fungi, and plants. In humans, it is responsible for the color of Pharmacological approaches on Fibigia eriocarpa eyes, hair, and skin. Tyrosinase, also known as polyphenol oxidase, is the key enzyme in melanin production. Over activity of this enzyme leads to hyperpigmentation, which is a common problem prevalent in middle ages and elderly people [68, 69] . The commercially available chemical and fungal-derived Pharmacological approaches on Fibigia eriocarpa skin-lightening agents have been proven to have adverse effects on humans. Therefore, there is a need to find alternative agents from plants for treating hyperpigmentation in human. In that sense, the tyrosinase inhibitory activity of FE extracts was evaluated. Based on the results (Table IV) , only the water extract has showed a notable tyrosinase inhibitory activity with mean value of 19.30 AE 1.05 mgKAE/g extract.
(+)-catechin has been previously reported to exhibit tyrosinase inhibition activity [70] [71] [72] . As (+)-catechin was detected in water extract only, it can be suggested that its inhibitory activity on tyrosinase could be due to the presence of (+)-catechin. The increasing incidences of diabetes mellitus, an important metabolic syndrome, constitute a global public health burden. The World Health Organization estimates that currently more than 180 million people worldwide have diabetes and it is likely to double by 2030. Diabetes can be managed by inhibiting the activities of the enzymes a-amylase and a-glucosidase which are responsible for the breakdown of carbohydrates and absorption of glucose in the digestive tract, respectively [73] [74] [75] . Plant-derived drugs have played a major role in the management of diabetes. For instance, metformin, the most prescribed drugs for the treatment of diabetes originated from herbal medicine [76] . Numerous studies have been demonstrated hyperglycemia-derived oxygen free radicals may constitute the key and common events in the pathogenesis of diabetes and its complications. The inhibition of intracellular free radical formation serves as an effective therapeutic strategy to prevent oxidative stress and the related diabetic complications [77] [78] [79] . It was noted that ethyl acetate extract of FE was a more active inhibitor of a-amylase and a-glucosidase inhibition, which in accordance to previous studies that plant extracts with high antioxidant abilities are likely to show antidiabetic effects. The lowest inhibitory activity of the antidiabetic enzymes was displayed by the water extract. Our finding indicated that the ethyl acetate extract has exhibited higher antioxidant and enzyme inhibitory effects in general, which are possibly associated with the higher level of total phenolic content of the extract.
Molecular modeling
The three extracts of FE have a peculiar composition, and they showed different inhibitory activity. The enzymatic assays were evidenced those differences. The water extract exhibited very good inhibitory activity on the tyrosinase while the other two extracts exerted no relevant inhibitory activity. The ethyl acetate extract has mild activity on the a-glucosidase, BChE, and AChE, and very poor on the a-amylase. While the MeOH extract exhibited no relevant activity on the tested enzymes and all of the extracts were poorly active on the a-amylase. From the composition of each extract and taken into consideration the quantity of each compound found, the most relevant molecules were selected for the docking study on each enzyme.
The best docking scores and DG of binding have been calculated with the MM/GBSA method are reported in Table V. The high activity of the water extract on the tyrosinase could be explained by the presence of p-hydroxybenzoic acid which has a good docking score and a good DG binding energy, and by the bioactivity Pharmacological approaches on Fibigia eriocarpa previously reported of the p-hydroxybenzoic acid (IC 50 = 1.30 mM) [80] , also (+)-catechin has been demonstrated to be a substrate of the tyrosinase [81] so it may have a role as competitive inhibitor toward this enzyme, these data are in full agreement with the relative good docking score and binding energy. The inhibitory activity by the ethyl acetate extract on the a-glucosidase seems due to the presence of the flavonoids such as kaempferol and apigenin by the relative good docking score and binding energy found together with inhibitory activity reported on the literature (kaempferol IC 50 = 12 lM, apigenin IC50 = >200 lM) [82] . The similar activity of the ethyl acetate extract on both the AChE and BChE can be explained by the presence of kaempferol and apigenin, they both have a significant docking score and DG binding energy and they have been previously tested as inhibitors (kaempferol AChE Ki = 92.8 AE 15.1 lM/L BChE Ki = 43.1 AE 7.6 lM/L, apigenin AChE Ki = 121.6 AE 20.7 lM/L BChE Ki = 37.4 AE 3.8 lM/L) [83] . Vanillin resulted to have a scarce docking score and a positive binding energy, these parameters revealed that is not likely to have any inhibitory activity toward a-glucosidase.
From the analysis of the docking poses of each compound, we found various interactions between the ligands and each enzyme. For example, p-hydroxybenzoic acid interacts with the binding pocket of the tyrosinase with two salt bridges involving the two copper ions Cu400 and Cu401 and a p-p stacking with His263, while the (+)-catechin interacts with the same pocket with a p-p stacking with His85 and by establishing an H-bond with Glu322 (Figure 2 ). Kaempferol interacts with the a-glucosidase with two H-bonds with Asp215 and Gln353, apigenin forms in the pocket a comparable H-bonds network with the same residues, Asp215 and Gln353. Vanillin instead forms one p-p stacking with Tyr72 and three H-bonds with Arg442, Asp69, and His351. The interactions between the AChE and kaempferol involves the aromatic portions and form three p-p stackings with Tyr121, Trp84, and Phe330, and three H-bonds with Tyr70, Ser122, and His440. Apigenin, with the AChE, interacts with two p-p stackings with Trp84 and Phe330 and two Hbonds Tyr70 and Gln69. The interactions between BChE and kaempferol are p-p stackings with Trp82 and H-bond with Thr120, while apigenin interacts with a p-p stacking with Trp82 and two H-bonds with Thr120 and Glu197. The interactions are shown in the Figures 3-5.
C O N C L U S I O N
Results from this study showed that FE extracts exhibited important biological activities showing interesting chemical profiles. The extracts contain important biologically active compounds including (+)-catechin, phydroxybenzoic, vanillin, kaempferol, apigenin, and rutin. The ethyl acetate extracts were found to display noteworthy antioxidant capacities and inhibit key enzymes involved in chronic pathologies, namely neurodegenerative complications (acetyl and butyrylcholinesterase) and diabetes mellitus (a-amylase and aglucosidase). The water extract showed remarkable antityrosinase activity and hence suggesting that this extract may be further explored for its ability to inhibit melanin production and potential for cosmetics. In silico molecular stimulation demonstrated that p-hydroxybenzoic and (+)-catechin were capable of docking efficaciously to tyrosinase, while kaempferol and apigenin showed the best scores for a-glucosidase, AChE, and BChE. On the basis of our results, FE might be considered as valuable source of natural agents and used for the development of novel phytopharmaceuticals. However, further studies are necessary to elucidate the mechanisms of in vivo antioxidant activity and enzyme inhibition action, safety, toxicity, and bioavailability of the extracts. 
R E F E R E N C E S
